Abstract-This article presents the impact of a constant timing error on the performance of a downlink 2 dimensional spreading OFDM-CDMA system. This impact is measured by the Signal to Interference plus Noise Ratio (SINR) degradation after equalization and despreading. Using random matrix theory, an asymptotic evaluation of the SINR is obtained. It is independent of the value of users' spreading code while taking into account their orthogonality. Simulation results are provided to evaluate and discuss the validity of this model.
I. INTRODUCTION
This article presents the degradation introduced by a constant timing error on the performance of a downlink 2 dimensional spreading OFDM-CDMA system [1] . By timing error we mean a constant offset of the FFT window with respect to the perfect synchronization reference. This phenomenon creates inter-carrier and inter symbol interferences (ICI and ISI) which degrade the Signal to Interference plus Noise Ratio (SINR) at the output of the equalizer. This paper extends to an OFDM-CDMA context the work of Steendam and Moeneclay which was carried out for a pure OFDM system [3] . Moreover, exploiting some results from the random matrix theory [7] , an asymptotic analytical expression of the SINR for the single user MMSE receiver is derived. This SINR formula is independent from the actual values of the spreading codes while taking into account their orthogonality. To confirm the validity of the proposed model, the theoretical SINR is compared to the SINR measured via Monte Carlo simulations. Since the inter symbol interferences are essentially non Gaussian, the SINR cannot be used to evaluate the Bit Error Rate (BER) at the output of the equalizer. Hence, BER measurements are not presented in this article.
The paper is organized as follows: section 2 describes the system model for OFDM-CDMA system with constant timing offset and gives a vector-matrix representation of the received signal, section 3 gives an asymptotic expression of the estimated SINR using some properties of random matrix theory. Eventually, section 4 gives a comparison between the asymptotic SINR model and Monte Carlo simulation results.
II. SYSTEM MODEL
A. System Description In this section, a combination of OFDM-CDMA system is described. Figure 1 
where ai,q(l) and liq(') are respectively the complex ampli and the delays of the 1th paths, and sinc(x) = sin(x)/x. At the receiver side, the guard interval is first removed. operation assumes an implicit synchronization. In the se we will assume a constant synchronization error c samples. As depicted in Figure 3 , when ko >0 the i samples is selected within the cyclic prefix, while when it is in FFT part. Therefore, for v > W and a cor synchronization error ko, three cases have to be considere( -if -v + W < -ko < 0, there is no ISI and ICI.
-if -v . -ko . -v+ W, there is an interference caused b preceding OFDM symbol.
-if ko < 0, there is an interference caused by the succec OFDM symbol and also ICI. To solve this issue [7] assumes that the spreading codes are extracted from a Haar distributed unitary matrix. Such a matrix is isometric and random. This assumption allows to apply very powerful results from the free probability theory.
In [7] and [9] , it was found that the dependence of the SINR on the spreading codes was also vanishing in the asymptotic NcxN, [7] . C = (C0 , U) can be decomposed into a vector C0 of size N, and another matrix U of size N x (N, -I) given by ( ). Given these assumptions, [9] shows that: A. Gaussian Channel It can be easily checked that for a Gaussian channel the different components of ( 11) are independent of the (NF , NT) configuration. All the SINRs evaluated with the asymptotic model are thus equal. Figure 5 gives a comparison between the SINR measured by Monte Carlo simulations and the asymptotic model for the three OFDM-CDMA configurations. It shows that our model is consistent with simulation results even for relatively small spreading factors (NC=32). Also, one deduces that a late synchronization ( ko < 0 ) will introduce a large amount of interferences. Figure 6 shows the sensitivity of the asymptotic model to the overall spreading factor for a gaussian channel. We observe that for NC=NFXNT < 32 the large system assumption is no longer valid. There is a discrepancy between the model and the simulations results.
B. Bran A channel
In this section , we give some results for a Bran A channel model [10] . We also observe that the average SINR is larger for MC- ij'j(s',s,n',n,q',q)=e e N hL(u,s,n)e.
Let us define the following channel coefficients matrices: kR(47sA4,zQ) j(s%sd,t,Q1) .. 0Fj(',sd,{;qNr -l) 0j,S s,= t5,s d,n,L,)
. 
